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Chapter I 
 
As a result of a shift towards increased poultry consumption, poultry meat is now the 
second most widely consumed meat globally (FAO, 2014). To respond to the high demand 
for poultry meat, the process of selective breeding is advancing rapidly. Selective 
breeding with a particular emphasis on economic efficiency involves a significant risk of 
serious reduction of poultry biodiversity on a global scale. Standardization of poultry 
breeds leads to not only huge economical loss in case of disease outbreaks but also the 
extermination of species. Thus, conserving poultry breeds is necessary for not only 
preventing decrease in the diversity of breeds, including local breeds, but also utilizing 
them as material for future breeding. 
 Sperm cryopreservation is an important technique for the production and genetic 
preservation of domestic animals (Bailey et al., 2000). However, the fertility rates for 
cryopreserved poultry semen remain highly variable. Despite of the efforts to understand 
why poultry sperm lose their fertilizing ability after cryopreservation are limited. 
Membranes are considered to be the primary site of cryodamage in sperm. Membrane 
rafts are enriched in sterols, ganglioside GM1 (GM1) and functional proteins, and they play 
important roles in the regulation of cellular processes in diverse cell types (Simons and 
Toomre, 2000). Recently, we reported that membrane rafts are also present in the plasma 
membrane overlaying the sperm head of chicken sperm (Asano et al., 2016). Therefore, 
we investigated the mechanism by which chicken sperm undergo functional damage 
following cryopreservation by determining compositional changes in membrane rafts. 
These results indicated in chicken sperm that cryopreservation induced a loss of sterols 
from membranes and an alteration of membrane rafts, leading to apoptosis characterized 
by phosphatidylserine (PS) translocation (Ushiyama et al., 2016). These results, strongly 
suggest that membrane rafts play an important role in the functions necessary for 
successful fertilization in chicken sperm. In the present study, our objective was to 
demonstrate the molecular basis of the fertilization ability through functional analysis 
of membrane rafts in chicken sperm. 
 
 
Chapter II 
 
During cryopreservation, spermatozoa are subjected to cryodamage that leads to a decline in 
fertilisation ability. Due to the complex nature of this process, the initial trigger for cryodamage 
remains unknown. Recently, we demonstrated that cryopreservation induces early apoptotic changes 
characterised by phosphatidylserine (PS) translocation via sterol loss from the plasma membrane of 
chicken spermatozoa. This led us to hypothesise that sterol incorporation into membranes minimises 
cryodamage, thereby improving the quality of cryopreserved chicken spermatozoa. In chapter Ⅱ, 
treating spermatozoa with 1.5mgmL-1 cholesterol- and 3mgmL-1 desmosterol-loaded cyclodextrin 
(CLC and DLC respectively) increased post-thaw survival and motility (Fig.1). These effects appeared 
to be highly dependent the amount of sterol loaded into the spermatozoa. Localisation experiments 
confirmed the incorporation of exogenous cholesterol into the sperm head region. Detection of PS 
translocation showed that elevation of these sterols inhibited early apoptotic changes, thereby 
enhancing post-thaw survival. Furthermore, CLC and DLC treatment suppressed spontaneous 
acrosome reaction after cryopreservation, preserving the ability of spermatozoa to undergo acrosome 
reactions in response to physiological stimulation. These results demonstrate that loading sterols into 
chicken spermatozoa before cryopreservation enhances their quality by inhibiting early apoptotic 
changes and spontaneous acrosome reactions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Post-thaw (a, d) survival, (b, e) acrosome integrity and (c, f) motility of chicken 
spermatozoa. 
 
Chapter III 
 
Studies of the functional characterization of membrane rafts in mammalian sperm have 
demonstrated roles in sperm-egg binding and the acrosomal reaction. Recently, our biochemical and 
cell biological studies showed that membrane rafts are present and might play functional roles in 
chicken sperm. In chapter Ⅲ, membrane rafts were isolated from chicken sperm as a detergent-
resistant membranes (DRM) floating on a density gradient in the presence of 1% Triton X-100, and 
characterized the function and proteomes associated with these domains. Biochemical comparison of 
the DRM between fresh and cryopreserved sperm demonstrated that cryopreservation induces 
cholesterol loss specifically from membrane rafts, indicating the functional connection with reduced 
post-thaw fertility in chicken sperm. Furthermore, using an avidin-biotin system, we found that sperm 
DRM is highly enriched in a 60 KDa single protein able to bind to the inner perivitelline layer (Fig. 
2). To identify possible roles of membrane rafts, quantitative proteomics, combined with a stable 
isotope dimethyl labeling approach, identified 82 proteins exclusively or relatively more associated 
with membrane rafts. These results demonstrate the functional distinctions between membrane 
domains and provide compelling evidence that membrane rafts are involved in various cellular 
pathways inherent to chicken sperm.  
 
Fig. 2. Binding affinity of the membrane rafts to the IPVL on chicken sperm. 
 
Chapter IV 
 
Based on the proteome data, in chapter IV, the roles of glucose uptake in the regulation 
of sperm acrosome reaction with a focus on the function of membrane rafts in chicken 
sperm was examined. Firstly, characterization of biochemical and spatial association of 
glucose transporter (GLUT) 3 with membrane rafts were carried out. The results 
demonstrated that GLUT3 is expressed in chicken sperm. Western blotting of DRM 
isolated from sperm depleted with sterols and immunocytochemistry showed a strong 
association of GLUT3 with membrane rafts by localizing into the flagellum and 
acrosomal region. Glucose supplementation stimulated the acrosome reaction in 
response to IPVL treatment, whereas flagellar motility was not influenced. These results 
demonstrate glucose uptake occur through membrane rafts including GLUT3 and thus 
results in elevation of acrosome responsiveness.   
 
Chapter V 
 
Chapter V describes the examination of the role of 5′-adenosine monophosphate-
activated protein kinase (AMPK) in the chicken sperm acrosome reaction enhanced by 
glucose uptake. Glucose uptake was significantly inhibited by AMPK inhibitor treatment 
or alteration of membrane rafts by sterol depletion treatment, which resulted in the 
diminution of the acrosome reaction. These results indicate glucose uptake stimulates 
AMPK phosphorylation and membrane rafts play a role in AMPK signaling pathway 
leading to acrosome reaction. 
 
Chapter VI 
 
Sperm are the most important and unique cells owing to their special purpose of 
transmitting genetic information to the next generation. However, the molecular basis 
of the fertilization ability of chicken sperm is less understood than that of mammalian 
sperm. Because sperm are transcriptionally and translationally inactive, their plasma 
membrane is inhered with high functionality to achieve successive fertilization capacity. 
In the present study, we investigated the molecular mechanisms underlying the 
regulating process during fertilization by identifying the biochemical and functional 
characteristics of membrane rafts in chicken sperm. Thus, we revealed that the 
functional importance of membrane rafts during fertilization is largely conserved in 
avian sperm. Moreover, we found a unique mechanism for the induction of AR in chicken 
sperm. In conclusion, biochemical, proteomic, and functional characterization of 
membrane rafts demonstrates in present study that these membrane domains are of 
functional importance for avian sperm to bind to IPVL as well as induce acrosome 
reaction by possession of proteins. These results in avian sperm add to a knowledge of 
not only the roles of membrane rafts in regulation of signaling pathways but also sperm 
function in birds. There results will future contribute to the development of technologies 
for animal production and species preservation as well as finding a solution for managing 
the overpopulation of wild animals other than simply culling. 
